HE life expectancy of long-term care residents is strongly related to age, degree of functional disability, and the presence of dementia (1) (2) (3) . Among residents with dementias such as Alzheimer's disease (AD) the factors most often associated with shorter survival include being male (2-6, but see 7, 8) , presence of hallucinations, delusions, or behavioral abnormalities (8) (9) (10) , and severity of cognitive impairment (8) . One study (11) identified four such variables as significant predictors of time until death in outpatients with early-stage AD: sex, duration of illness, cognitive impairment, and extrapyramidal symptoms. A given patient's standing on these four variables was entered into an equation to derive a "predictor index" that differentiated early-stage AD patients with shorter and longer survival times.
An important question remains as to whether those factors that predict survival in the early stage of progressive dementia predict longevity in middle and late stages of the illness. Put another way, do the factors that predict survival in patients living in the community predict survival in long-term care facilities? This question is important given the great costs associated with late-stage care and given the growing number of older adults who will require such care (12) . To address this question, we assessed the value of demographic, physical health, neurologic, and psychiatric factors as predictors of survival in 132 patients with dementia admitted to a long-term care facility. We thus developed a predictive algorithm to estimate the time to death in these patients.
M ETHODS

Participants
Between July 1994 and July 1996, 132 consecutive patients, aged 55 and older, were studied shortly after admission to the 66-bed comprehensive care unit of Copper Ridge, a long-term care facility for patients with AD and other dementias. Eighty (61%) of these patients received a clinical diagnosis of either possible ( n ϭ 8) or probable ( n ϭ 72) AD according to NINDS-ADRDA criteria (13) . Fifteen (11%) were diagnosed with probable vascular dementia (VaD) by NINCDS-AIRENS criteria (14), 14 (11%) with mixed AD/ VaD, 11 (8%) with dementia not otherwise specified, 5 (4%) with depression and dementia, and 7 (5%) with dementia due to other causes (Pick's disease, Lewy body dementia).
Examination
Within 4 weeks of admission, all patients underwent comprehensive neuropsychiatric evaluation. 20) , and General Medical Health Rating (GMHR; 21). To minimize the possible bias associated with excluding patients with incomplete data, mean scores for the sample were imputed for missing scores on each scale. Historical information, including education, medical history, onset of dementia, and more than 5% weight loss in the 6 weeks preceding admission (available for the last 65 admissions), was obtained from patients' knowledgeable informants and from medical records. Other variables of interest, including sex and age, were recorded. Patients were followed until death or until the end of the study period (July 7, 1999), which was 5 years after the study started. Dates of death were recorded by staff physicians and obtained from in-house patient records.
R ESULTS
The demographic and clinical characteristics of the patient sample are presented in Table 1 and are consistent with middle-to late-stage dementia. There were 60 deaths among the 132 patients within the 5-year study period (45.4%). Between-group comparisons in Table 1 revealed that the deceased group was in poorer overall health (lower GMHR scores), was more physically dependent in activities of daily living (higher PGDRS physical subscale scores), and had fewer delusions (lower BEHAVE-AD delusion subscale scores) than those still living.
The cohort's mean survival duration was 42.3 months with an estimated median of 54 months. Univariate Cox proportional hazard models for each of 19 predictor variables on time to death are presented in Table 2 . They replicate the pattern of effects observed in between-group comparisons above. Specifically, being healthier, more physically independent, and having delusional beliefs, was each associated with longer survival. None of the remaining variables was significantly associated with time to death.
The three variables significant in univariate models (BE-HAVE-AD delusion subscale, GMHR, and PGDRS physical activities of daily living [ADL] subscale scores) were then entered into a multivariate Cox regression model to assess the adjusted effects of these measures. Results of this model are presented in Table 3 indicating that the BEHAVE-AD delusion subscale score was the most significant predictor variable, while GMHR approached significance and the PGDRS physical ADL subscale score did not. This last measure probably did not achieve significance in the multivariate model because it was highly correlated with GMHR ( p ϭ Ϫ .404; p Ͻ .001). Thus, a more parsimonious model including only the BEHAVE-AD delusion subscale score and the GMHR (Table 3 ) was examined. Using this second model, a patient's score on each variable was multiplied by its beta Notes : Numbers represent means (standard deviations), unless otherwise specified. PGDRS ϭ Psychogeriatric Dependency Rating Scale; BEHAVE-AD ϭ Behavioral Pathology in Alzheimer's Disease Rating Scale.
† N ϭ 98. ‡ Lower scores reflect better functioning. * p Ͻ .05 in t tests and chi-square tests. Scores ranged from Ϫ 4.11 to Ϫ 0.11 and were transformed by adding 4.11 to each individual's score so that the lowest score was 0 and the highest score was 4.0. Lower scores on the CRI predicted longer survival. The scatterplot in Figure 1 shows the association between CRI scores and the number of months lived in patients as a function of their vital status at the end of the 5-year study interval. A cut-off score of 2.3 (solid vertical line) accurately differentiated those who survived the 5-year study interval with 82% sensitivity and 53% specificity. Reduced specificity represents an overestimation of mortality in the Ն 2.3 group and likely stems from the fact that numerous patients with a score of approximately 2.6 survived the interval. Because CRI scores and times to death were continuous variables, we also evaluated the sensitivity and specificity of the CRI in predicting vital status over the 5-year interval using logistic regression and receiver-operating characteristic analyses (22) . Results showed that, for every one-point increase in the CRI, there was over a four-fold increase in the odds of mortality during the study interval: odds ratio 4.38, confidence interval (CI) 1.91-10.29; p Ͻ .001. Predictive accuracy was 70.1%.
D ISCUSSION
This study identified predictors of survival in patients with dementia from information obtained upon admission to the comprehensive nursing unit of a long-term care facility. Of several clinical, health, and demographic variables assessed, better general physical health and the presence of delusions were most predictive of time to death. The strongest predictor of mortality in this sample is certainly not selective to dementia. Poor physical health is a well-known risk factor for mortality (23) .
The second major predictor of mortality, the absence of delusions, was somewhat surprising. Delusions were among the more prevalent psychopathological symptoms observed here, as in other AD patient studies (19, 24, 25) , and may have served as the basis for admission in some cases. They have been associated with higher MMSE scores and less
= functional disability (25) . While delusions are present in all stages of AD (26), longitudinal investigation has shown them to be most prevalent in the moderate stage of cognitive impairment (27) . These findings raise the possibility that the presence of delusions in dementia patients upon nursing home admission may serve as a marker of more moderate disease severity (MMSE and CDR notwithstanding) and, thus, longer expected survival. The results of this study are important for two reasons. First, they reveal that variables predictive of mortality in the later stages of progressive dementia differ from those in the early stages. Given that dementia is, by definition, an impairment of cognition, a measure of severity of cognitive impairment was expected to predict those in the most advanced and end stages of the illness. MMSE score was not a significant predictor of survival here, perhaps because most patients scored very low (floor effects). Other instruments more sensitive to lower levels of cognitive functioning than the MMSE may be more appropriate cognitive predictors of mortality upon nursing home admission (28, 29) . Alternatively, severe cognitive impairment may have been captured, in part, by the positive association between delusions and survival duration. Delusional beliefs that are common in AD, such as feeling that people are stealing one's belongings or that the place in which one currently lives is not one's home, reflect partial insight into recent environmental changes and may represent a degraded memory of one's past. The loss of this degraded memory may signal the latest measurable stages of cognitive impairment and, thus, the later stages of the illness.
Overall, these results indicate that the predictive utility of clinical disease factors varies according to the stage of illness and builds on previous research by combining predictors of mortality into an aggregate predictive algorithm, the CRI. We examined predictors across a variety of domains to derive this simple aggregate measure that uses two rating instruments that can be easily administered by a nurse or clinician regardless of a patient's dementia severity.
A significant limitation of this study lies in its uncertain generalizability. Patients in this study were treated in a university-affiliated dementia care facility, which might not be comparable to other long-term care environments. Specialized onsite treatment may have improved long-term survival. If so, this equation represents a conservative estimate of a patient's life expectancy in a general long-term nursing home setting. Mortality rates in institutionalized dementia patients have ranged from 31% to 40% over a 3-year period (6, 30, 31) and 43% over 5 years (32) . The 3-and 5-year mortality rates in the present sample were comparable, at 28% and 45%, respectively. Nevertheless, the broader utility of this equation in dementia patients requires replication in other settings.
The CRI or a similar algorithm may ultimately have great prognostic value for families making individual health care decisions and for public health care planning. Individuals may find such an equation useful when planning not only for ill family members but also for their own possible eventualities following retirement. Financial planning, particularly for comprehensive care, may become critical given that the current average annual cost of a dementia patient's care is between $40,000 and $60,000 (15) . On a broader public policy level, the proportion of Americans over the age of 65 is expected to double from 15% to 30% over the next 30 years (15) , and the number of prevalent AD cases will nearly quadruple in the next 50 years (33) . Thus, derivation of a predictive tool may serve as a useful initial step toward projecting demands that will be placed on individuals who are now living longer and on the public health care system.
